Bdellovibrio bacteriovorus is a predatory bacterium which attacks and consumes other bacterial strains, including the well known pathogens E. coli O157：H7, Salmonella typhimurium and Helicobacter pylori. This remarkable activity has been the focus of research for nearly five decades, with exciting practical applications to medical, agriculture and farming practices recently being published. This article reviews many of the exciting steps research into this bacterium, and similar bacteria, has taken, focusing primarily on their use as both an antibiotic to remove harmful and pathogenic bacteria and as a probiotic to help curb and control the bacterial populations within the intestinal tract. Owing to the unique and dual nature of this bacterium, this review proposes the use of "amphibiotic" to describe these bacteria and their activities. [BMB reports 2012; 45(2): 71-78]
OVERVIEW OF BACTERIAL PREDATION OF BACTERIA
Currently, it is well known that predation is common among prokaryotes. Bacteria in their natural environments are subjected to predation from bacteriophage, protists and predatory prokaryotes (1). This last group of predators is unique in the fact that the predator is a bacterium that is clearly a living organism, as opposed to viruses and phages, and is smaller than the prey, in contrast with protists. Furthermore, of the three bacterial predators, this group has received the least amount of attention and investigation. Predatory bacteria have different strategies for attacking their hosts (1) and can be categorized in part by the location of the predator with respect to the prey cell. They may attack in groups, referred to as a wolfpack, as observed with Myxococci (1, 2). Wolfpacks are located around the prey but do not appear to require physical attachment of the predator with the prey for the predation to occur. The predators in this scenario excrete a variety of hydrolytic enzymes that "chew up" nearby bacteria, thereby allowing the predators to consume the prey-derived nutrients. Another strategy is epibiotic predation, which is exemplified by Vampirococcus (3). Epibiotic predation requires the predator to attach to the outer surface of the prey cell, where it will begin hydrolyzying the components of the prey and consuming them. Invasion of the periplasmic space is accomplished by Bdellovibrio-and -like-organisms (BALOs). BALOs are perhaps the best studied and characterized predators within the bacterial predation of bacteria field and, as such, will be the focus of this review. They also represent one of the more complex predation schemes, with seven stages of predation (Fig. 1) . The life cycle of B. bacteriovorus involves two distinct phases; an attack phase in which the cells are seeking the prey, during which the cells have a vibrio shape with a single polar flagellum, and an intraperiplasmic phase inside the prey. During this phase, the predator develops into a non-flagellated coiled non-septate filament which, just prior to exiting the exhausted prey, undergoes sepInvited Mini Review http://bmbreports.org tation to give numerous motile flagellated progeny that start a new round of predation(4). Finally, direct invasion of the prey cytoplasm is also known, ex. Daptobacter (3). In such cases, the bacteria can readily degrade the host components, consume them and then lyse the cell to continue the process.
HISTORICAL PERSPECTIVE The early years (1962-1992)
Bdellovibrio bacteriovorus is a tiny (0.2-0.5 um × 0.5-2.5 um) Gram negative predatory bacteria discovered by chance in 1962 by Stolp and Petzold while they were trying to isolate bacteriophages for plant pathogenic bacteria from soil (5).
After their initial discovery, Bdellovibrios were isolated from various habitats and found to be widely distributed in aquatic and terrestrial environments (6-9). Since its discovery and up to the time of writing this review, more than 390 articles have been published concerning this bacterium and similar organisms. Compared to other bacterial predators, Bdellovibrio received more attention during the last decades, owing to its interesting and mysterious life style and also because of its great potential to be applied as an antibacterial agent in industry, agriculture or medicine (Fig. 2) . During the early periods of predatory bacteria research, the efforts were concentrated mainly on identifying the life cycle of this organism, its strategies for penetrating the host cells, periplasmic growth and other aspects related to its life cycle. Starting about a decade later, researchers began to think about the possible application of this unique bacteria in different applications, such as in fighting plant pathogens (10) and in reducing bacterial numbers/contamination in food industries (11). However, researchers were limited in their potential applications since genetic tools and knowledge were both limited, particularly for this bacterium. As a result, for the first 30 years of B. bacteriovorus research, very little genetic work was accomplished.
The genetic era of predatory bacteria (1992-2011)
This changed in 1992 when Cotter and Tomashow tried to determine the genetic locus (hit locus) associated with the shifting to host independent mode of life (12, 13) 
Ushering in the therapeutic BALO period (2011-)
The lack of these tools and plasmids did not hinder early researchers from beginning research into therapeutic applications of BALO (11, 19) , with one group even applying for a patent in France highlighting the use of Bdellovibrios in the treatment of gastrointestinal diseases (referenced in (20) 
